lesions of 121 hepatocellular carcinoma patients were treated by percutaneous RF ablation, and 22 tumor residues were detected in 22 patients by contrast-enhanced computed tomography. These 22 patients were examined by conventional US, Sonazoidenhanced US (0.5 mL/body of Sonazoid, intravenous administration), and CO 2 -enhanced US (10 mL of CO 2 , hepatic arterial administration). Results: Tumor residue was confirmed by CO 2 -enhanced US in all the 22 patients (sensitivity: 100%) in 19 of the 22 patients by Sonazoid-enhanced US (sensitivity: 86%; 3 lesions that were not detected by this modality were located deeper than the sonographic depth (p=0.0109)), and in 17 of the 22 patients by conventional US (sensitivity: 77%; 5 lesions that were not detected by this modality were smaller in terms of the sonographic tumor size (p=0.0278)). Conclusion: Although CO 2 -enhanced US requires angiography, it was superior to both Sonazoid-enhanced US and conventional US for detecting tumor residues, particularly deep-seated ones, after percutaneous RF ablation.
INTRODUCTION
Hepatocellular carcinoma is the third leading cause of mortality worldwide, often occurring in liver cirrhosis patients (1) . Nearly 4 million Americans suffer from hepatocellular carcinoma, and the prevalence of this disease is on the increase in the United States. The incidence of hepatitis C virus infections has increased because of intravenous drug use (1, 2) .
It has been reported that surgery is the only curative effective treatment modality for hepatocellular carcinoma (3). However, in most patients with hepatocellular carcinoma, the presence of liver dysfunction caused by liver cirrhosis limits the possibility of surgical resection.
Percutaneous radiofrequency (RF) ablation therapy has recently been established as a promising local therapeutic technique for hepatocellular carcinoma in such patients (4) .
In most cases, local tumor residue after RF ablation can be detected by contrast-enhanced computed tomography (CT). On the other hand, this is sometimes difficult to detect by conventional ultrasonography (US). A local residual tumor after percutaneous therapy is particularly difficult to detect because the margin between viable and necrotic tumor tissue is unclear in most cases. To improve the sensitivity of detection, contrastenhanced US techniques have been developed. MatLiver Turk J Gastroenterol 2017; 28: 197-201 Evaluation of local tumor residue after percutaneous radiofrequency ablation therapy for hepatocellular carcinoma , a first-generation US contrast agent, improved the localization of sonographically unrecognized hypervascular lesions of the liver (6) (7) (8) (9) (10) . Sonazoid ® , a second-generation contrast agent composed of a hard shell containing bubbles, produces stable nonlinear oscillations in the low-power acoustic field and yields enhanced real-time details of the second harmonic signals (11, 12) .
The aim of our study was to compare the efficacy of CO 2 -enhanced US with that of Sonazoid-enhanced US and conventional US in detecting local tumor residue after percutaneous RF ablation therapy for hepatocellular carcinoma.
MATERIALS AND METHODS

Patients
Between February 2009 and March 2010, 141 lesions of 121 consecutive hepatocellular carcinoma patients were treated by percutaneous RF ablation in our institute. Conventional sonographic examinations and contrast-enhanced CT were performed at intervals of every 3 months post RF ablation. In the case of suspected tumor residues, Sonazoid-enhanced US and CO 2 -enhanced US were also performed. Tumor residues were detected by contrast-enhanced CT obtained after percutaneous RF ablation in 22 patients. These 22 patients (16 men and 6 women; age range: 49-85 years; mean: 74 years) with local tumor residues were enrolled in this study. Written informed consent was obtained from all the patients after fully explaining the nature and purpose of the study.
Percutaneous RF Ablation
In all the patients, either the lesions were deemed inoperable or the patients had refused surgical intervention. The technique of percutaneous RF ablation has been described previously (13) (14) (15) (16) . We used the RTC 3000 or RTC 2000 systems (Boston Scientific Inc.; Natick, MA) and the Cool-tip RF ablation system (Covidien, Boulder, CO) for treating hepatocellular carcinoma patients. RF ablation was carried out under US guidance in all the patients. CO 2 -Enhanced US CO 2 -enhanced sonography (5,17) was performed after angiography. We used Pro-Sound SSD-5000 (Aloka, Tokyo, Japan) with a special convex. This convex probe had a range of 2.0-3.0 MHz. The CO 2 -enhanced sonography was performed after hepatic angiography. CO 2 microbubbles were made by mixing. The composition was as follows: 10 mL of CO 2 , 7 mL of saline, small amount of heparin, and 3 mL of the patient's own blood. First, the CO 2 microbubbles were manually injected into the catheter positioned in the left or right hepatic artery; thereafter, using a real-time convex scanner with 3.5-MHz probes, we observed the flow of CO 2 gas and enhancement of the area of interest.
Sonazoid-Enhanced US
Sonazoid-enhanced US (11, 12) was performed in all the patients by two sonographers. The US was carried out with an Aplio XG (Toshiba, Tokyo, Japan) with a micro-convex probe (PVT-375BT, 3.5 MHz; Toshiba). We used the contrast harmonic imaging mode (pulse subtraction harmonic). The acoustic power of US was controlled at a mechanical index of 0.2-0.25. A single focus point was configured at the space occupied by the lesion. Sonazoid (0.5 mL/body) was injected via the cubital vein, and 10 mL normal saline was administered. The patients held their breath after Sonazoid injection. The real-time images were displayed in all the phases. Vessel flow in the lesion was visualized in the early vascular phase (about 10-40 s after Sonazoid administration) of the pulse subtraction harmonic imaging. Images were recorded and stored digitally in a cine-loop memory on a hard disk. The observers reviewed the images frame by frame from the stored images.
Dynamic CT
Sixteen multidetector CT scanners (Aquilion 16; Toshiba) performed all the dynamic CT examinations, and the images were cephalocaudally obtained in 5-mm-thick sections at a pitch of 0.94 after intravenous bolus injection of nonionic contrast material (90 mL of 300 mgI/dL; Iopamiron®, Bayer Schering Pharma, Osaka, Japan) via an antecubital vein. The scanning delay set for the arterial and equilibrium phases was 30 s and 150 s, respectively.
Sonographer's Profile
All the sonographic procedures were performed by 2 skilled sonographers. One was accredited by the Japan Society of Gastroenterology, the Japan Society of Hepatology, and the Japan Society of Ultrasonics in Medicine, who had experience of more than 1900 cases of RF ablation. The other was accredited by the Japan Society of Gastroenterology, who had experience of more than 100 cases of RF ablation. Two sonographers independently diagnosed the lesions. A final diagnosis was decided by the agreement of the 2 sonographers. (18, 19) .
Statistical Analysis
Ethics
The study was planned in conformity with the Declaration of Helsinki. The Ethics Committee of Omori Red Cross Hospital approved the protocol of this study.
RESULTS
Patients' Clinical Characteristics
The clinical characteristics of the patients are summarized in Table 1 . A total of 22 patients, including 16 males and 6 females with a median age of 75 years (range: 58-90 years) were enrolled in this study. The underlying liver diseases in these hepatocellular carcinoma patients included hepatitis-B-virus-associated liver disease (2 patients), hepatitis-C-virus-associated liver disease (15 patients), and alcoholic liver disease (5 patients).
The tumors were located in S1 (2 patients), S2 (2 patients), S3 (1 patient), S4 (1 patient), S5 (1 patient), S6 (6 patients), S7 (3 patients), or S8 (6 patients) of the liver (20) . The median tumor size was 17 mm (range: 7-68 mm). The median tumor depth on the US images was 67.5 mm (range: 30-170 mm).
Lesions Detected by Conventional US
While there were no differences in the age, sex, etiology, location, or tumor depth on the US images, a significant difference was noted with regard to the tumor size between the lesions detected and undetected by conventional US (Table 2) .
Lesions Detected by Sonazoid-Enhanced US
While there were no differences in the age, sex, etiology, location, or tumor size on the US images, a significant difference with regard to the tumor depth was observed between the lesions detected and undetected by Sonazoid-enhanced US (Table 3) . Table 4 lists the evaluation results of the diagnostic tests. We evaluated the diagnostic ability of conventional US for the diagnosis of tumor residues after percutaneous RF ablation in comparison with that of contrast-enhanced CT, and the results were as follows: apparent prevalence of 0.773 (95% confidence interval (CI): 0.546-0.922), true prevalence of 1.000 (95% CI: 0.781-1.000), sensitivity of 0.773 (95% CI: 0.546-0.992), specificity of NaN (95% CI: 0-1), positive predictive value of 1.000 (95% CI: 0.727-1.000), negative predictive value of 0 (95% CI: 0-0.614), and diagnostic accuracy of 0.514 (95% CI: 0.392-0.636).
Evaluation of Diagnostic Tests
Further, we evaluated the diagnostic ability of Sonazoid-enhanced US for the diagnosis of tumor residue after percutaneous RF ablation as compared to that of contrast-enhanced CT and the results were as follows: apparent prevalence of 0.864 (95% CI: 0.651-0.971), true prevalence of 1.000 (95% CI: 0.781- Furthermore, when we evaluated the diagnostic ability of CO 2 -enhanced US for the diagnosis of tumor residue after percutaneous RF ablation as compared to that of contrast-enhanced CT, the results were as follows: apparent prevalence of 1.000 (95% CI: 0.781-1.000), true prevalence of 1.000 (95% CI: 0.781-1.000), sensitivity of 1.000 (95% CI: 0.781-1.000), specificity of NaN (95% CI: 0-1.000), positive predictive value of 1 (95% CI: 0.781-1.000), negative predictive value of NaN (95% CI: 0-1.000), and diagnostic accuracy of 1.000 (95% CI: 0.781-1.000). Table 3 . Clinical characteristics of the patients with lesions detected by Sonazoid-enhanced US enhanced US, Sonazoid-enhanced US, and conventional US in detecting local residual tumor after percutaneous RF ablation therapy of hepatocellular carcinoma.
DISCUSSION
Many studies have suggested that Sonazoid-enhanced US is the most optimal method for the detection of local tumor residue after percutaneous RF ablation. However, few studies have evaluated the tumor depth in US images and the diagnostic difficulties associated with deep-seated lesions. This study revealed that CO 2 -enhanced US was superior to Sonazoid-enhanced US in detecting tumor residue after percutaneous RF ablation, especially sonographically deepseated lesions.
We describe 2 cases. We detected a tumor located 80 mm from the skin surface determined by both CO 2 -enhanced US ( Figure  1a ) and Sonazoid-enhanced US (Figure 1b) . However, we also detected a tumor located 110 mm from the skin surface determined by CO 2 -enhanced US (Figure 2a ), but remained undetected by Sonazoid-enhanced US (Figure 2b ). Table 2 shows that conventional US had a lower ability to detect large tumors as compared to contrast-enhanced CT. Thus, it may be necessary to combine multiple imaging modalities for evaluating the outcomes of hepatocellular carcinoma treatment.
The reason that a significant difference was noted in relation to the tumor size between the lesions detected and undetected by conventional US was unclear. The scan range of conventional US probe would possibly be unsuitable for a large tumor residue.
There were some limitations of this study: first, the study design was retrospective. Sample bias could have easily occurred; it is possible that we entered patients with tumors that were easy to detect by US. Second, the evaluation results by US are subjective and are affected by the sonographer's experience and technique. Third, the sample size was too small and beta errors may have occurred.
In conclusion, although CO 2 -enhanced US requires angiography, it was superior to Sonazoid-enhanced US and conventional US in detecting tumor residues, especially deep-seated lesions, after percutaneous RF ablation. Further investigation without the limitations of the current study may be needed in the future.
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